River basin sediment management is increasingly needed to address both sediment quantity and quality studies. In this context, the sampling of suspended sediment through a river cross-section is unavoidable. Rivers have the interesting property of concentrate sediment and processes through a river cross-section are representative of the whole upstream hydro-sedimentary processes.
Introduction
Non-linear correlation between suspended sediment and water flux through a river cross-section asks the questions: what processes to control sediment transfer in rivers, and how to measure in situ suspended sediment flux?
There are many models to predict, in rivers, suspended load, bedload, or both of them, generally based on both sediment physical properties and hydraulic constraints (obtained from the classical hydrodynamic theory) [1] [2] [3] . These models are validated from laboratory experiments, and consequently, their transposition to natural environment is not immediate. In this way, there is clearly a lack of in situ data, partly due to the difficulty, in rivers, to carry on the measurement of velocity and suspended sediment concentration profiles and to study their spatiotemporal variability [4, 5] .
In this paper, in situ velocity data are confronted to the logarithmic law, eqn. (1) . The logarithmic law, initially defined in the laminar and transitional sublayers, is commonly extended to the whole water height when a great accuracy on results is not required [6] . In eqn. (1), ( ) u z is the mean velocity at the height z, u * the shear velocity, κ the Von Karman's constant (equal to 0.41), k s the bed rugosity, and B s an empirical coefficient. The introduced variables a and b play the role of fitting parameters. 
In situ suspended sediment concentration data are confronted to the Rouse profile, eqn. (2) . Rouse profile is a classical model, often used in sediment transport studies. Other models are compiled in [7] . In eqn. (2), C s (z) is the sediment concentration at the height z, C s,0 the reference sediment concentration at the height z 0 , h the water depth, w s the sediment settling velocity, and β a constant. The introduced variable A plays the role of the fitting parameter. 
Then, for a velocity profile completely defined, the error on the mean suspended sediment flux arising from a ponctual sediment sample may be estimated.
Study area
In situ measurements were carried on the river Vilaine catchment between longitudes 1.0560°W and 2.1270°W, and latitudes 47.5770°N and 48.1870°N, fig. 1 . River Vilaine catchment is located in the region of Brittany in the northwest of France, and characterized by low gradients and predominantly agricultural land use. The drained 10 400 km² elevate from 0 to 300 m above the sea level and receive an average annual rainfall around 800 mm. The river Vilaine is schist-, sandstone-and mud-bed river.
The main river section under interest is located between Rennes which is an urban area of around 200 000 inhabitants, and Redon, a village located 80 km downstream from Rennes. At Rennes and upstream Redon, the daily mean water flows are respectively 11 and 27 m 3 .s 
Means and methods

Velocity profile
Velocity profiles were measured by a Nivus PCM Pro velocity profiler. The sensor was fixed on a ballasted base, directed toward the flow, and possibly overturned through 180 degrees around a horizontal axis, fig. 2 . Then, each velocity profile is composed of two acquirings: one toward the river surface and one toward the river bottom. The sampling frequency is 0.2 Hz. Mean velocities corresponds to data averaged over 10 minutes.
The main interest of the specific acquiring toward the river bottom is to welldefine the velocity profile within the few water height percents located near the river bottom. Velocity measurement within these few percents is of primary importance when determining the bending of a modelled velocity profile. Note that this area corresponds to the dead zone of non-intrusive instruments such as ADCP (Acoustic Doppler Current Profiler).
In the studied river sections, the interface between water and sediment is defined with no ambiguity: the interface is made of millimetre-to centimetresized mineral particles.
Suspended sediment concentration profile
Suspended sediment concentration profiles were measured either in a noninstantaneously way, moving a turbidity sensor from the top of water to the river bottom, or in an instantaneously way by 144-turbidity sensors mounted on a vertical stick, fig. 3 . The turbidity sensor is fixed on a Troll 9000 XP/e probe and was calibrated with in situ sampled material. Mean concentration at the height z corresponds to data averaged over 1 minutes. About 15 minutes are required to record a suspended sediment concentration profile. The stick used is the ASM-IV Argus, fig. 3 . At each of the 144 sensors corresponds a specific calibration curve, plotting in laboratory from in situ sampled material. The sampling frequency is 0.5 Hz. Mean concentrations correspond to data averaged over 1 minute.
Results and discussion
In total, 79 velocity profiles were recorded in situ by the velocity profiler, 123 suspended sediment concentration profiles by the turbidity sensor fixed on a probe and 12 suspended sediment concentration profiles by the 144-turbidity sensor stick. , of an organic material and silt particle mixture. A particularity of the river Vilaine drainage basin is that the apparent mean particle diameter remains constant at 10 µm within the occurred water flow range.
Velocity and suspended sediment concentration profiles
Results show that the in situ velocity distribution over the water height may be modelled by the logarithmic law, fig. 4 . Mean values of fitting parameters a and b are respectively 0.030 and 0.036, table 1. In addition, no correlation was found between a and b, the water depth, the mean velocity or the river local slope. This may be explained by the presence of locks in the river Vilaine. In all cases, an A value allows to fit the Rouse model with empirical data. From this observation, Rouse model calibration seems possible in rivers. However, A is found to be equal to 0.050 from the first measurement method (probe) and to 0.547 from the second one (stick), which is ten times higher, table 1.
When superposing data recorded by both methods on the same water height, from the river bottom (where sediment concentrations are measured with a 1 cm resolution) to the surface, fig. 6 , the Rouse model is weak to explain the in situ suspended sediment concentration distribution. Two zones may be distinguished: a first one, corresponding to the first 30% of the water height above the river bottom, where the concentration gradient is high, and a second one, corresponding to the complementary 70%, where the concentration gradient is nearly null. 
Sediment flux profile
As shown in paragraph 4.1, the suspended sediment concentration profile shape depends on the experimental method used. High-resolution measurement near the river bottom, without disturbing local hydrosedimentary processes by moving a probe, allows one to define a pseudo-Rouse profile (high A values) within the first 30% of the water height. Unitary suspended sediment flux profiles, calculated from a well-defined velocity profile, are drastically different when fig. 7 (left) . Error on the mean suspended sediment flux value is calculated when the suspended sediment concentration is estimated from a punctual sampling, fig. 7 (right). This corresponds to the experimental method commonly used when suspended sediments are sampled by automatic samplers. Error may be higher than 50% when An additional test was carried out, putting together the 144-turbidity sensor stick and the velocity profiler, fig. 8 . Result of the unitary sediment flux over the first 25% of the water height above the river bottom, fig. 9 , shows that 35% of the total sediment flux is located within the first 15% of the water height. And, the sediment flux located at 5% of the water height is five times more important than the one after 15%. There is a great sediment flux gradient within 10% of the water height, located in the inferior sixth of the water height.
Conclusions
Results presented in this paper are part of an in situ experimental program, which aims to measure the velocity and suspended sediment concentration profiles in rivers during different hydrological conditions. A particular emphasis is put on the region located near the interface between water and settled sediment.
Results show that, in the river Vilaine (France), the in situ velocity distribution over the whole water height may be modelled by the logarithmic law for water flow rates, at Rennes city, until 20 m 3 .s concentration profile shape depends on the experimental method used: a turbidity sensor moved over the water height (non-instantaneous suspended sediment profile measurement) or 144-turbidity sensors mounted on a vertical stick (instantaneous suspended sediment profile measurement). A Rouse profile always seems to be fitted to in situ data. However, the fitting parameter may vary by one order of magnitude.
Results also show that during low water flows, 35% of the total sediment flux may be located within the first 15% of the water height. Then, following the sampling strategy adopted, the error on the mean suspended sediment flux may be up to 50%, and more in the particular case of a surface sampling.
The main perspective of this experimental work is to estimate in situ unitary suspended sediment flux profiles during larger water flow events, say during the flood events.
